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$\min$ $c$Tx $+$p1qTy1 $+$P2qfy2 $+\cdot\cdot$ . $+pNqN\prime \mathit{1}^{1}$y$f\mathrm{v}$
$\mathrm{s}.\mathrm{t}$ $Ax$ $=b$ ,





$T_{N^{X}}$ +V N\acute yN $=h_{N)}$
$x\geq 0,$ $y_{1}\geq 0$ , $y_{2}\geq 0$ , $y_{N}\geq 0$ .
, [1] $\mathrm{r}$ , $x\in R^{n}$ (–
) , $J\in R^{n’}$ $i$ .
$p_{i}\in R$ , $i$ , $c\in R^{n},$ $q_{i}\in R^{n’}$ : $A$ , $T_{i},$ $\mathrm{L}\mathrm{I}_{i}^{f},$ $b$ \in Rm, $h_{i}\in R^{m^{l}}$
, .
(1) , $x_{1}=x_{j}x_{2}^{T}=(y_{1}^{T}, y_{\mathit{2}}^{T}/, \cdots)y_{N}^{T}),$ $c_{1}=c,$ $c_{2}^{T}=(p_{1}q_{2}^{T}, p_{2}q_{2}^{T}, \cdots , p_{r\iota}q_{r\iota}^{T})$ ,
$A_{1}=A,$ $b_{1}=b$ ,
$A_{2}=(\begin{array}{l}T_{1}T_{2}\vdots T_{N}\end{array}),$ $A_{3}=(\begin{array}{llll}W_{1} \nu V_{2} \ddots \mathcal{V}V_{N}\end{array}),$ $b_{2}=(\begin{array}{l}h_{1}h_{2}\prime\vdots h_{N}\end{array})$
, (1)
$\mathrm{n}$ $c_{1}^{T}x_{1}$ $+c_{2}^{T}x_{2}$ ,
$\mathrm{s}$ .t. $A_{1^{X_{1}}}$ $=b_{1}$ ,
(2)
$A_{2^{X_{1}}}$ $+A_{3}x_{2}$ $=b_{2}$ ,
$(X_{1}, x_{2})\geq 0$ ,
168
. , $n_{1}=n,$ $n_{2}=n’ N,$ $m_{1}=m,$ $m_{2}=m’ N$
, $x_{1}$ $c_{1}$ $n_{1}$ , $x_{2}$ $c_{2}$ $n_{2}$ , $b_{1}$ $m_{1}$
, $b_{2}$ $m_{2}$ , $A_{1},$ $A_{2}$ , A3
.
{ , $x^{T}=(x_{1}^{T}, x_{2}^{T}),$ $c^{T}=(c_{1}^{T}, c_{2}^{T})$ ,






$\max$ $b_{1}^{T}y_{1}$ $+b\tau_{y_{2}}2$ .
$\mathrm{s}.\mathrm{t}$ . $A_{1}^{T}y_{1}$ $+A\tau_{y_{2}}2$ $+s1$ $=c_{1}$ , (3)
$A_{3}^{T}y_{2}$ $+s2$ $=c_{2}$ ,
$(s_{1}, s_{2})$ $\geq 0$ ,
. $(y_{1}, y_{2}, s_{1}, s_{2})\in R^{m_{1}+m_{2}+n_{1}+n_{2}}$ .
$\mathcal{F}:=\{\begin{array}{llllll} A_{1}x_{1} =b_{1} A_{2}x_{1} +A_{3}x_{2} =b_{2}\vdots(x_{1},x_{2},y_{1},y_{2},s_{1},s_{2}) . A_{1}^{T}y_{1} +A_{2}^{T}y_{2} +s_{1} =c_{1}\vdots A_{3}^{T}y_{2} +s_{2} =c_{2}\vdots (x_{1},x_{2},s_{1},s_{2}) \geq 0 \vdots\end{array}\}$
,
$\mathcal{F}^{0}:=\{(x_{1}, x_{2}, y_{1}, y_{2}, s_{1}, s_{2})\in F:(x_{1}, x_{2}, s_{1}, s_{2})>0\}$




(2) $(x_{1}, x_{2})$ , (3) $(y_{1}, y_{2}, s1, s_{2})$
,
$A_{1}x_{1}$ $=$ $b_{1}$ ,
$A_{2}x_{1}$ $+A3x2$ $=$ $b_{2}$ ,
$A_{1}^{T}y_{1}$ $+A2y_{2}$ $+s1$ $=$ $c_{1}$ ,
$A_{3}^{T}y_{2}$ $+s2$ $=$ $c_{2}$ ,
$X_{1}s_{1}$ $=$ 0,
$J\mathrm{Y}_{2}^{r}s_{2}$ $=$ 0
$(x_{1}, x_{2}, s_{1}, s_{2})$ $\geq 0$
- , $(x_{1}, x_{2})$ $(y_{1}, y_{2}, s_{1}, s_{2})$ $\equiv[]-$ , (
.
$\mu>0$ ,
$A_{1}x_{1}$ $=$ $b_{1}$ ,
$A_{2}x_{1}$ $+A3x2$ $=$ $b_{2}$ ,
$A_{1}^{T}y_{1}$ $+A2y_{2}$ $+s1$ $=$ $c_{1}$ ,
$A_{3}^{T}y_{2}$ $+s2$ $=$ $c_{2}$ ,
$X_{1}s_{1}$ $=$ $\mu$e1,
$J\mathrm{Y}_{2}s_{2}$ $=$ $\mu$e2
$(x_{1}, x_{2}, s_{1}, s_{2})$ $\geq 0$




$A_{1}x_{1}$ $=$ $b_{1}$ ,
$A_{2}x_{1}$ $+A3x2$ $=$ $b_{2}$ ,
$A_{1}^{\prime\tau}y_{1}$ $+A\prime \mathrm{r}_{y_{2}}2$ $+s\mathrm{l}$ $=$ $c_{1}$ ,
$A_{3}^{T}y_{2}$ $+s2$ $=$ $c_{2}$ , (4)
$X_{1}s_{1}$ $=$ $\mu$1e1,
$\lambda_{2}^{r}s_{2}$ $=$ $\mu$2e2
$(x_{1}, x_{2}, \mathrm{s}_{1}, s_{2})$ $\geq 0$
, $w($ \mu 1, $\mu_{2}):=(x_{1} (\mu 1, \mu_{2}),$ $x_{2}(\mu 1)\mu_{2}),$ $y_{1}(\mu_{1}, \mu 2)$ ,
$y_{2}($ \mu 1, $\mu_{2}),$ $s_{1}($ \mu 1, $\mu_{2}),$ $s_{2}(\mu_{1}, \mu 2))$ . .
170
$S:=\{w(\mu_{1}, \mu 2)$ : $(\mu_{1}, \mu 2)\in(0, \infty)\cross(0, \infty)$ }
2 , . ,
$P:=\{w(l^{A_{1}}, \mu 2)$ : $\mu 1=l^{\mathrm{J}}$2, $(\mu_{1}, \mu 2)\in$ $(0, \infty)$ $\cross(0, \infty)\}$
.
3
-, . , $\mu^{0}>0$
$w($ \mu 0, $\mu^{0})$ $w^{0}$ . $\gamma\in(0,1)$ , $k=0$
, $k$ 1 $\mu^{k}$ $\gamma$ $\mu^{k+1}=\gamma\mu^{k}$
. $\mu^{k}$ , $w^{k}$ (\mu k, $\mu^{k}$ ) { $w^{k}$
. ( ) ,
$\{w^{k} : k=0,1,2, \cdots\}$ { $w$ (\mu k, $\mu^{k}$ ) : $k=0,1$ , $2,$ $\cdots$ }
. ,
$\mu^{k}=\gamma^{k}\mu^{0}$
, $karrow\infty$ , $\mu^{k}arrow 0$ , $w$ ( $\mu^{k},$ $\mu$k)
, $w^{k}$ . , $k$
, .
$w^{k}$ $w^{k+1}$ .
. $w^{k}$ 1 $\mu_{1}$
$S$ $w$ ( $\mu^{k+1}$ $\mu^{k}$ ) $w’$ ( 1)’ ,
$w(\mu^{k+1}, \mu^{k+1})$ ( 2).
.
[ ]
1. $\mu^{0}>0$ $w($1”, $\mu^{0})$ $w^{0}$ .
$\gamma\in$ $(0, 1)$ . $k=0$ .
2. $\mu^{k+1}=\gamma\mu^{k}$ . $w^{k}$ $w$ ( $\mu^{k+1},$ $\mu$k)
, $w$ ( $\mu^{k+1},$ $\mu$k) $w’:=(x_{1}’, x_{2}’, y_{1}’, y_{2}’, s\prime 1’ s_{2}’)$
.
3. $w’$ $w(l^{A^{k+1}}, \mu^{k+1})$ $w^{k+1}$ .(
.)
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4. 7 . $k=k+1$ ,
1 .
, 1, 2 .
3.1 1
1 , $w$ ( $\mu^{k+1},$ $\mu$k)
(4) , . , $w^{k}$
$\triangle w:=$ ( $\triangle x_{1},$ $\triangle$x2, $\triangle y_{1},$ $\triangle y_{2},$ $\triangle s_{1},$ $\triangle s_{2}$ ) ,
$A_{1}\triangle x_{1}$ $=b_{1}-A_{1}x_{1}^{k}$ ,
$A_{2}\triangle x_{1}$ $+A_{3}\triangle x_{2}$ $=b_{2}-A_{2}x_{1}^{k}-A_{3}x_{2}^{k}$ ,
$A_{1}^{T}\triangle y_{1}$ $+A_{2}^{T}\triangle y_{2}$ $+\triangle s_{1}$ $=c_{1}-A_{1}^{Tk}y_{1}-A_{2}^{Tk}y_{2}-6_{1}^{k}.$ ,
$A_{3}^{\prime \mathrm{r}}\triangle y_{2}$ $+\triangle s_{2}$ $=c_{2}-A_{3}^{Tk}y_{2}-s_{2}^{k}$ ,
$S_{1}^{k}\triangle x_{1}$ $+X_{1}^{k}\triangle s_{1}$ $=\mu^{k+1}e_{1}-X_{1}^{k}s_{1}^{k}$ ,
$S_{2}^{k}\triangle x_{2}$ $+X_{2}^{k}\triangle s_{2}$ $=\mu^{k}e_{2}-\mathit{1}\mathrm{Y}_{2}^{k}s_{2}^{k}$ ,
. 1 , $w$ ’
$w$
’
$:=$ $(x_{1}’, x_{\mathit{2}}’’, y_{1}’, y_{2}’, s_{1}’, s_{2}’)$
$=$ $(x_{1}^{k}, x_{2}^{k}, y_{1}^{k}, y_{2}^{k}, s_{1}^{k}, s_{2}^{k})+$ ( $\triangle x_{1},$ $\triangle$x2, $\Delta/$yb $\triangle$y2, $\triangle$ s1, $\triangle$ s2)
.
3.2 2
2 , $w’$ $w(l\iota^{k+1}, \mu^{k+1})$ $w^{k+1}$ . 2
, $x_{1}$ 1 $x_{1}’$ . A3
, .
$\mathrm{n}$ $c_{1}^{T}x_{1}+c_{2}^{T}x_{2}$ ,




, $x_{1}$ 1 $x_{1}$’ ,
$\min$ $c_{1}^{I^{1}}x_{1}’+c_{2}^{T}x_{2}\ulcorner$ ,
$\mathrm{s}$ .t. $A_{1}x_{1}’$ $=b_{1)}$
$A_{2}x_{1}’+A_{3}x_{2}=b_{2}$ ,
$(x_{1}, x_{2})\geq 0$
. , $x_{1}’$ , $b_{2}’:=b_{2}-A_{2}x$ t
Eu
$\min$ $c_{2}^{T}x_{2}$ ,
$\mathrm{s}.\mathrm{t}$ . $A_{3}x_{2}=b_{2}’$ ,
$x_{2}\geq 0$
. ( $c_{1}^{T}x$ ’1 . ) $A_{3}$ ,
$i=1,2$ , $\cdot$ . . , $N$ $N$
$\min$ $p_{i}q_{i}^{T}y_{i}$ ,




$\mathrm{s}.\mathrm{t}$ . $\dagger’V_{i}^{T}u_{2}+v_{2}=p_{i}q_{i}$ , (7)
$v_{2}\geq 0$
,
$\nu V_{i}y_{i}$ $=$ $(b_{2}’)_{i}$ ,
$\nu v_{i}^{\prime\tau_{u_{2}+v_{2}}}$ $=$ $p_{i}q_{i}$
$Y_{i}v_{2}$ $=$ 0,
$(y_{i}, v_{2})$ $\geq$ 0
. $\mu>0$ , (6) (7)
$W_{i}y_{i}$ $=$ $(b_{2}’)_{i}$ ,
$\mathrm{T}/V_{i}^{T}u_{2}+v_{2}$ $=$ $p_{i}q_{i}$ , (8)
$Y_{i}v_{2}$ $=$ $\mu e$ ,
$(.y_{i}, v2)$ $\geq$ 0
113
$(y_{i}, u_{2}, v_{2})$ . 1 $((x_{2}’)_{i}, (y_{\mathit{2}}’’)_{i}$ , (s\sim )
, $\mu=\mu^{k}$ (8) .
, (6) (7)











$\overline{w}:=$ $(x_{1}’, x- 2, y_{1}’, y- 2, s_{1}’,\overline{s}_{2})$ . ,
$A_{1}^{T}y_{1}+A_{2}^{T}y_{2}+s_{1}=c_{1}$ (9)
. , $(x_{1}’, x- 2, y_{1’/2}’\overline{\uparrow}, s_{1}’,\overline{s}_{\underline{9}})$
(9) , 2 . ,
$\overline{y}_{1}:=\arg\min_{y_{1}}||$ (S$1’$ ) $-1(A_{1}^{\tau}y_{1}+A_{2}^{\tau}\overline{y}_{2}+s_{1}’-c_{1})||_{2}$ (10)
. $(x_{1}’, x- 2,\overline{y}_{1}, y- 2, s_{1)}’\overline{s}_{2})$ (9) .
$\triangle>0$ , $||(S_{1}’)^{-1}(A_{1}^{T}\overline{y}_{1}+A_{2}^{T}\overline{y}_{2}+s_{1}’-c_{1})||_{2}\leq\triangle$ , 2
. (9) (5) , ,
$(w(\mu^{k+1}, \mu^{k+1}))$ , 2 .
4
[ 1] $\mathrm{R}\mathrm{a}\mathrm{n}\mathrm{g}\mathrm{e}(A_{2}^{T})$ $\subset \mathrm{R}\mathrm{a}\mathrm{n}\mathrm{g}\mathrm{e}(A_{1}^{T})$ . 1 $w$’
$(y’ 1 , y_{2^{\backslash }}’, s/1)$ (2) . , 2




[ ] 1 $w’$ ,
$A_{1}\tau y_{1}’+A_{2}y_{\mathit{2}}’+s_{1}\tau"=c_{1}$ .
, Range $(A_{2}^{\prime \mathrm{r}})\subset \mathrm{R}\mathrm{a}\mathrm{n}\mathrm{g}\mathrm{e}(A_{1}^{T})$ , $y_{2}’$ , $\overline{y}_{2}$
,
$A_{2}^{T}(y_{2}’-\overline{y}_{2})=A_{1}^{T}\tilde{y}_{1}$
$\tilde{y}_{1}$ . $\tilde{y}_{1}$ , $\overline{y}_{1}=y_{1}’+\tilde{y}_{1}$ ,





. , $\overline{y}_{1}$ (10) . , $(\overline{y}_{1} ,\overline{y}_{2}, s_{1}’)$ (9) 1
( )
$\beta\in$ $(0, 1)$
$N_{\beta}$ $(\mu_{1}, \mu 2)$ $:=$ $\{(x_{1}, x_{2}, y_{1}, y_{2\}}s_{1}, s_{2})\in F$ :
$||$ (X1s1 $-\mu$1eb $X_{2}s_{2}-\mu_{2}e_{2}$ ) $||_{2} \leq\beta\min\{\mu_{1)}\mu 2\}$ }
.
, , .
[ 1] $u^{T}v\geq 0$ $u$ $v\in R^{n}$ , .
$||$ Uv $||_{2} \leq\frac{\sqrt{2}}{4}||u+v||_{2}^{2}$ . (11)
[ 2] $n_{1}$ $\prime x_{1}$ , $w^{k}$ $w$ (\mu k, $\mu^{k}$ ) $N_{\beta}$ ( $\mu^{k},$ $\mu$k)
. ,
$w^{k}\in N_{\beta}(\mu^{k}, \mu^{k})$ .
$\delta>0$ $\beta\in((\mathrm{I}, 1)$
$\frac{\sqrt{2}}{4}\frac{(\delta+\beta)^{2}}{(1-\beta)(1-\delta)}\leq\beta$ (12)
, $\gamma=(1-\delta/\sqrt{n_{1}})$ 1 $w’:=$





[ ] $\triangle w=$ ( $\triangle x_{1},$ $\triangle$x2, $\triangle y_{1},$ $\triangle y_{2},$ $\triangle s_{1},$ $\triangle s_{2}$ ) ,
.
$A_{1}\triangle x_{1}$ $=$ $b_{1}-A_{1}x_{1}^{k}$ ,
$A_{2}\triangle x_{1}$ $+A_{3}\triangle$x2 $=$ $b_{2}-A_{2}x_{1}^{k}-A_{3}x_{2}^{k}$ ,
$A_{1}^{T}\triangle y_{1}$ $+4T2\mathrm{x}_{y_{2}}$ $+\triangle s_{1}$ $=$ $c_{1}-A_{1}^{Tk}y_{1}-A_{2}^{Tk}y_{2}-s_{1}^{k}$ ,
(13)
$e\triangle_{Il2}$ $+2$ $s_{2}$ $=$ $c_{2}-A_{3}^{T}y;-s_{2}^{k}$ ,
$S_{1}^{k}\triangle x_{1}$ $+$ X $1k\triangle s_{1}$ $=$ $\mu^{k+1}e_{1}-X_{1}^{k}s_{1}^{k}$ ,
$S_{2}^{k}\triangle x_{2}$ $+X2\triangle$s2 $=$ $\mu^{k}e_{2}-X_{2}^{k}s_{2}^{k}$ .
$C_{1}$ $:=$ $||((X_{1}^{k}+\triangle X_{1})(s_{1}^{k}+\triangle s_{1})-\mu^{k+1}e_{1},$ $(X_{2}^{k}+\triangle X_{2})(s_{1}^{k}+\triangle s_{1})-\mu^{k}e_{2}||_{2}$
(14)
$\leq$ $\beta\min\{\mu^{k+1}, \mu^{k}\}$ .
$\mathrm{n}\{\mu^{\mathrm{k}+1}, \mu^{k}\}=\mu^{k+1}$ .
$C_{2}$ $:=$ $||((X_{1}^{k}S_{1}^{k})^{-1/2}(\mu^{k+1}e_{1}-X_{1}^{k}s_{1}^{k}),$ $(X_{2}^{k}S_{2}^{k})^{-1/2}(\mu^{k}e_{2}-X_{2}^{k}s_{2}^{k}))||_{2}$
$\leq$ $||((X_{1}^{k}S_{1}^{k})^{-1/2}(\mu^{k+1}-\mu^{k})e_{1},0)||$
2
$||$ ( $(X_{1}^{k}S_{1}^{k})^{-1/2}(\mu^{k}e_{1}-X_{1}^{k}s_{1}^{k}),$ $(X_{2}^{k}S_{2}^{k})^{-1/2}$ ( $\mu^{k}e_{2}-$ x $\mathrm{H}s\mathrm{s}$)) $||_{2}$
$\leq$
$\frac{(\mu^{k}-\mu^{k+1})\sqrt{n_{1}}}{\sqrt{(1-\beta)\mu^{k}}}+\frac{\beta\mu^{k}}{\sqrt{(1-l9)\mu^{k}}},(w^{k}\in N_{\beta(\mu^{k},l}\sim^{k})$ )




$C_{1}$ $=$ $||$ (2 $X_{1}\triangle s_{1}$ , $\triangle$X$2\triangle$ s$2||$ 2 $((13)\epsilon \mathrm{k}\text{ })$
$\leq$





$C_{1}\leq\beta\mu^{k+1}$ , (14) 6
. $x$ $I$ . $\cdot i\in I$ ,
$\psi_{i}(0),$ $\psi_{i}(1)>0$ $\psi_{\dot{l}}(\alpha)$ :=xi $s_{i}+\alpha(x_{i}\triangle s_{i}+s_{i}\triangle x_{i})+\alpha^{2}\triangle x_{i}\triangle$ si
. $i$ $\alpha\in$ $(0, 1)$ , $\psi_{i}(\alpha)\leq 0$ .
\psi . .
$\psi_{i}(\alpha)$ $\geq$ $x_{i}s_{i}+\alpha(x_{i}\triangle s_{i}+s_{i}\triangle x_{i})$
$=$ $(1-\alpha)\psi(0)+\alpha\mu_{i}((13) \ \text{ })$
$>$ 0.
( . , $w^{k}\in N_{\beta}$ ( $\mu^{k},$ $\mu$k) , $w’\in N_{\beta(l}x^{k+1},$ $\mu$k) .
$\beta=1/4,$ $\delta=1/4$ (12) ( )
, $\mu$ $2^{-L}$ .
$O(\sqrt{n_{1}}L)$ . .
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